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LIQUID TAMPED TARGE'TS FOR EXTREME
ULTRAVIOLET LITHOGRAPHY

STATEMENT AS TO RIGHTS TO
APPLICATIONS MADE UNDER FEDERALLY
SPONSORED RESEARCH AND

DEVELOPMENT

[0001] The Umnited States Government has rights in this
application pursuant to Contract No. DE-AC52-07NA27344
between the Umited States Department of Energy and Law-
rence Livermore National Security, LLC for the operation of
Lawrence Livermore National Laboratory.

CROSS REFERENCE TO RELATED
APPLICATIONS

[0002] This application claims priority to U.S. Ser. No.
16/891,422 filed on Jun. 3, 2020 entitled “Liquid Tamped

Targets For Extreme Ultraviolet Lithography” which 1s
incorporated herein by reference.

BACKGROUND

Field of Endeavor

[0003] The present application relates to extreme ultravio-
let (EUV) light sources for exposure equipment.

State of Technology

[0004] This section provides background information
related to the present disclosure which 1s not necessarily
prior art.

[0005] EUYV light at 13.5 nm wavelength 1s currently the
cutting-edge technology in the semiconductors manufactur-
ing industry. These light sources are created by hitting micro
droplets of tin with high intensity lasers.

[0006] U.S. Pat. No. 9,332,625 for an extreme ultraviolet
light source apparatus provides the state of technology
information reproduced below.

[0007] “In recent vyears, as semiconductor processes
become finer, photolithography has been making rapid prog-
ress toward finer fabrication. In the next generation, micro-
fabrication at 70 nm to 45 nm, further, microtabrication at 32
nm and beyond will be required. Accordingly, 1n order to
tulfill the requirement for microfabrication at 32 nm and
beyond, for example, exposure equipment 1s expected to be
developed by combining an EUV light source for generating
EUYV light having a wavelength of about 13 nm and reduced
projection retlective optics.”

[0008] ““In order to accomplish the above-mentioned pur-
pose, an extreme ultraviolet light source apparatus according,
to one aspect of the present invention 1s an apparatus for
generating plasma by applying a laser beam to a target
material and entering extreme ultraviolet light radiated from
the plasma into projection optics ol exposure equipment,
and the apparatus includes: a chamber 1n which the extreme
ultraviolet light 1s generated; a target supply unit for sup-
plying the target maternal into the chamber; a driver laser for
applying the laser beam to the target material supplied by the
target supply unit to generate the plasma; a collector mirror
for collecting the extreme ultraviolet light radiated from the
plasma; a positioning mechanism for positioning at least a
part of the chamber in a predetermined location where an
optical axis of the collected extreme ultraviolet light and an
optical axis of the projection optics of the exposure equip-
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ment are aligned with each other; and a movement mecha-
nism for moving at least the part of the chamber positioned
in the predetermined location between the predetermined
location and a maintenance area.”

SUMMARY

[0009] Features and advantages of the disclosed apparatus,
systems, and methods will become apparent from the fol-
lowing description. The inventor 1s providing this descrip-
tion, which includes drawings and examples of specific
embodiments, to give a broad representation of the appara-
tus, systems, and methods. Various changes and modifica-
tions within the scope of the application will become appar-
ent to those skilled in the art from this description and by
practice of the apparatus, systems, and methods. The scope
of the apparatus, systems, and methods 1s not intended to be
limited to the particular forms disclosed and the application
covers all modifications, equivalents, and alternatives falling
within the scope of the apparatus, systems, and methods as
defined by the claims.

[0010] The disclosed apparatus, systems, and methods
include replacing liquid tin droplets with micro or smaller
tin beads mixed 1n a low Z liquid. The use of mass limited
targets that are embedded 1n a low Z liquid can solve several
problems that are currently faced by the industry. It can
significantly increase the total time of operation. It can
climinate the need for major expensive components that are
used 1n prior art and need to be replaced frequently. The use
of the new type of sources will further allow the design of
even shorter wavelength sources to be used light sources for
exposure equipment.

[0011] These sources can be used for imprinting the chip
design on silicon watfers in the semi-conductor industry.
[0012] The apparatus, systems, and methods are suscep-
tible to modifications and alternative forms. Specific
embodiments are shown by way of example. It 1s to be
understood that the apparatus, systems, and methods are not
limited to the particular forms disclosed. The apparatus,
systems, and methods cover all modifications, equivalents,
and alternatives falling within the scope of the application as
defined by the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The accompanying drawings, which are incorpo-
rated 1nto and constitute a part of the specification, illustrate
specific embodiments of the apparatus, systems, and meth-
ods and, together with the general description given above,
and the detailed description of the specific embodiments,
serve to explain the principles of the apparatus, systems, and
methods.

[0014] FIG. 1 illustrates a schematic view of an overall
broad conception for a laser-produced plasma EUV light
Source according to prior art.

[0015] FIG. 2 i1llustrates one embodiment of the inventor’s
apparatus for the light source target.

[0016] FIG. 3 1llustrates one embodiment of the inventor’s
apparatus, systems, including laser configuration, target and
target delivery system.

[0017] FIG. 4 provides a schematic overview of the
plasma formation and target confinement scheme.

[0018] FIG. 5 provides one embodiment of the nitial
target deformation scheme used as an initial condition for
target expansion.
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[0019] FIG. 6 provides further details of the inventor’s
apparatus, systems, and methods

DETAILED DESCRIPTION OF SPECIFIC
EMBODIMENTS

[0020] Retferring to the drawings, to the following detailed
description, and to incorporated materials, detailed informa-
tion about the apparatus, systems, and methods 1s provided
including the description of specific embodiments. The
detailed description serves to explain the principles of the
apparatus, systems, and methods. The apparatus, systems,
and methods are susceptible to modifications and alternative
torms. The application 1s not limited to the particular forms
disclosed. The application covers all modifications, equiva-
lents, and alternatives falling within the scope of the appa-
ratus, systems, and methods as defined by the claims.

[0021] Referring to the drawings and in particular to FIG.
1, a prior art system 1s 1llustrated. The prior art system 1s
illustrated and described in U.S. Pat. No. 9,332,626 for a
EUV light source and exposure apparatus which 1s 1ncor-
porated herein by this reference. The prior art system 1s
designated generally by the reference numeral 100. The

prior art system 100 includes the structural elements 1den-
tified and described below.

[0022] Reference numeral 101—T1n(Sn) spray nozzle,

[0023] Reference numeral 102—T1in (Sn) droplets,

[0024] Reference numeral 103—Laser,

[0025] Reference numeral 104—I aser beam,

[0026] Reference numeral 107—Sing-piece focusing
MmiIrror,

[0027] Reference numeral 108—Radiated EUV light,
and

[0028] Reference numeral 109—Central focusing point,

[0029] The structural elements of the prior art system 100

having been identified and described, the operation of the
prior system will now be considered. As shown 1n FIG. 1, the
EUYV light source includes a tin (Sn) spray nozzle 101. The
tin (Sn) spray nozzle 101 sprays tin (Sn) droplets 10
downwardly. The EUV light source also includes a laser
source 103. The laser source 103 generates a laser beam 104.
The laser beam 104 1s focused by the lens umt 105; and
bombards the Sn droplets 102. The bombarded tin (Sn)
droplets 102 generate plasma; and the plasma radiates EUV
108. Further, the EUV light source also includes a sing-piece
focusing mirror 107. The focusing mirror 101 collects the
radiated EUV light 108; and further focuses the collected
EUV light 108 at a central focusing point 109.

[0030] The high-energy laser 103 fires on the microscopic
droplet of molten tin 102 and turns it 1nto plasma, emitting
EUYV light, which then 1s focused into a beam 108. The EUV
beam exiting from the plasma 1s collected by the condensing
mirror, passes through a point called the intermediate focus
(IF), and 1lluminates a reflection-type mask after 1t has been
reshaped by the illumination optics. The EUV beam
reflected by the mask 1s exposed by the projection optics to
form a pattern on photoresist that 1s coated on a wafer
surface.

[0031] The hottest plasma 1s created in the laser facing
side of the droplet while the rest of the droplet remains
relatively cold therefore blocking most of the radiation in
that direction. In addition, when hit by the laser material
particles are also emitted from the droplet. Material particle
are emitted 1 two forms: 1ons and neutral ejecta. This
material creates a huge problem as 1t can contaminate both
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the waler creation system and the multilayer collecting
mirror. Eventually target material 1s accumulated on the
mirror forcing the replacement/cleaning of the mirror. This
process 1s both very expensive and forces a long mainte-
nance down time of the machine.

[0032] Referring to FIG. 2, one embodiment of the inven-
tor’s target apparatus i1s illustrated. This embodiment 1s
designated generally by the reference numeral 200. The
embodiment 200 1s created by replacing the prior art liquid
tin droplets 102 shown m FIG. 1 with micro solid beads.
Another embodiment 1s created by replacing the prior art
liquid tin droplets 102 shown i FIG. 1 with beads even
smaller than micrometer scale beads. FIG. 1 1s a schematic
depiction 1llustrating the inventor’s apparatus 200 that
includes the structural elements identified and described
below.

[0033] Reference numeral 204—solid bead,
[0034] Reference numeral 206—Low Z liquid,
[0035] The structural elements of the inventor’s target

apparatus 200 having been identified and described, the
operation of the iventor’s target apparatus, systems, and
methods 200 will now be considered. The prior art liquid tin
droplets 102 shown 1n FIG. 1 are replaced with micro solid
beads 204. The beads 204 can be created using well known
processes. For example, this can be done 1n a separate setting
using prior art’s tin droplets generator which will then be
frozen 1nto beads 204. The beads 204 are contained in a
lower 7Z liquid 206. In one embodiment the lower Z liquid
206 1s water. In another embodiment the lower Z liquid 206
1s liquid methane.

[0036] Retferring to FIG. 3, one embodiment of the inven-
tor’s apparatus, systems, and methods 1s illustrated. This
embodiment 1s designated generally by the reference
numeral 300. FIG. 3 1s a schematic depiction illustrating the
inventor’s apparatus, systems, and methods 300 that
includes the structural elements identified and described
below.

[0037] Reference numeral 302—Vacuum chamber,
[0038] Reterence numeral 304—Droplets 1njector,
[0039] Reference numeral 306—Droplets,
[0040] Reference numeral 308—Metal/Tin bead,
[0041] Reference numeral 310—Low Z liquid,
[0042] Reference numeral 312—Laser,
[0043] Reference numeral 314—Laser beam 1,
[0044] Retference numeral 316—Laser beam 2,
[0045] Reference numeral 318—Laser beam 3, and
[0046] Reference numeral 314—ILaser beam 4.
[0047] The structural elements of the inventor’s apparatus

and, systems 300 having been 1dentified and described, the
operation of the mventor’s apparatus, systems, and methods
300 will now be considered. FIG. 3 shows an embodiment
of the mventor’s target configuration as 1t 1s mserted nto a
vacuum chamber 302.

[0048] A droplets injector 304 injects droplets 306 1nto the
vacuum chamber 302. Each of the droplets 306 are made of
Metal/Tin bead 308 in a Low Z liquid 310 as previously
described. The laser 312 produces a laser beam which 1s split
into laser beam 1, laser beam 2, laser beam 3, laser beam 3
and laser beam 4. Laser beam 1 and laser beam 2 are directed
to hit a droplet 306 from one side of the droplet. Laser beam
3 and laser beam 4 are directed to hit the droplet 306 from
the other side of the droplet. Alternately, 4 separated laser
beams can be used. Different configurations for laser irra-
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diation, e.g. splitting the laser into more beams to maintain
better symmetry can also be considered.

[0049] In one embodiment, the temporal shape of the laser
pulse can be constructed of two phases. A pre-pulse possibly
generated by a different laser system with similar spatial
structure, delivering a short pulse with lower total energy
and a main longer pulse creating the main plasma source.
The pre-pulse 1s used to deform the target in a prescribed
way for better coupling of the main pulse and the target as
will be described later. Hitting the target material from both
sides and at an angle rather than 1n perpendicular allows for
the utilizing of radiation emitted from both sides rather than
a single side as in prior art.

[0050] Referring to FIG. 4, the inventor’s target apparatus,
systems, and methods after being deformed by an initial
phase of the laser 1rradiation 1s 1llustrated. This embodiment
1s designated generally by the reference numeral 400. FIG.
4 1s a schematic depiction illustrating the inventor’s target
apparatus, systems, and methods 400 that includes the
structural elements 1dentified and described below.

[0051] Reference numeral 402—Hot Metal/Tin bead;
and
[0052] Reference numeral 404—Hot, low density, low
/. plasma.
[0053] The structural elements of the inventor’s apparatus

and, systems 400 having been 1dentified and described, the
operation of the mventor’s apparatus, systems, and methods
400 will now be considered. The pre-pulse or 1n a different
embodiment the first phase of the main pulse, laser beams hit
the droplet containing the Metal/Tin bead 402 from both
sides. This will cause the deformation of the droplet into a
pancake/disk shape shown in FIG. 4. This deformation can
serve to increase the laser target interaction area while
maintaining the radial “casing” of the internal bead target by
the low Z liquad. It also serves to remove some/all of the low
/. material from at the axial dimension of the target.
[0054] Referring to FIG. 5, the inventor’s expected target
shape and expansion during the 1rradiation by the main laser
pulse 1s 1llustrated. This embodiment 1s designated generally
by the reference numeral 500. FIG. 5 1s a schematic depic-
tion 1llustrating the inventor’s apparatus, systems, and meth-
ods 400 that includes the structural elements 1dentified and
described below.
[0055] Reference numeral 502—Vacuum chamber;

[0056] Reference numeral 504—Laser directed to one
side of target;

[0057] Reference numeral 506—Laser directed to other
side of target;

[0058] Reference numeral 508—Hot Metal/Tin target;
and
[0059] Reference numeral 510—Hot, low density, low
7. plasma.
[0060] The structural elements of the inventor’s apparatus

and, systems 500 having been 1dentified and described, the
operation of the inventor’s apparatus, systems, and methods
500 will now be considered. FIG. 5 shows the mventor’s
target configuration 1 vacuum chamber 502 as it evolves
during the 1rradiation by the main laser pulse. The laser 504
1s directed to hit a droplet 512 from one side of the droplet.
The laser 506 1s directed to hit the droplet 512 from the other
side of the droplet. The droplet 512 consists of the inner
higher 7 (in one embodiment tin) bead material 308 and the
lower Z material 1n the outer radius 510. Both materials are
heated by the laser and produce hot plasma. A hot, low
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density, low Z plasma 510 1s produced 1n the outer perimeter
of the droplet. The hot, low density, low Z plasma 510 serves
as a radial confinement “casing’” which holds the inner metal
plasma from freely expanding in the radial direction. Fur-
thermore, the low Z hot plasma also captures radiation
emitted by the higher Z material and prevents 1t from being
emitted in the radial direction. These processes will be
described in more detail hereatfter.

[0061] Referring to FIG. 6, the inventor’s radiation emis-
sion and collection apparatus, systems, and methods desig-
nated generally by the reference numeral 600 1s further
illustrated. FIG. 6 1s a schematic depiction that includes the
structural elements 1dentified and described below.

[0062] Reference numeral 602—Hot Metal/Tin plasma;

[0063] Reference numeral 604—Hot, low density, low
7. plasma;

[0064] Reference numeral 606—FEUYV radiation; and

[0065] Retference numeral 608—Optional radiation col-

lecting device.

[0066] The structural elements of the inventor’s apparatus
and, systems 600 having been 1dentified and described, the
operation will now be considered. As previously described,
the laser 1s directed to hit the droplet at an angle from both
sides. The Hot Metal/Tin plasma 602 and the Hot, low
density, low Z plasma 604 are produced as previously
described. The plasma formation of both the low Z liquid
and the high 7Z bead 1s expected to be mostly one dimen-
sional in the axial dimension. The low Z plasma 604 1s 1n the
outer radius while the higher Z material 602 1n the 1nner. In
such configuration the lower Z plasma 604 serves as a casing
for the inner higher 7Z material creating a Lambertian emis-
s1on source. In such a case more radiation 1s emitted 1n the
direction perpendicular to the target and can be collected by
the optional radiation collecting device 608 with no need to
collect from the entire 211 solid angle.

[0067] The mnventor’s apparatus and, systems 600 have
many advantages some of which are listed and described
below.

[0068] Radiation emitted from both sides of the target can
be utilized. This will yield an immediate increase of 2x in
output power. However, the other advantages of the inven-
tor’s apparatus and, systems can be utilized 1f choosing to
use 1t 1 single side 1rradiation.

[0069] Another advantage of this configuration is the fact
that a smaller amount of tin/metal material can be used. In
one embodiment the target 1s being hit from both directions
the laser pulse and can be designed such that the laser tully
burns through the metal. In such a case no neutral metal 1s
ejected. The entire mass 1s 1onized and therefore can be
much more easily diverted using other known methods. This
will help shielding the rest of the process from debris.
[0070] In prior art, beam exiting from the plasma 1is
collected by a condensing multilayer mirror, passes through
a point called the intermediate focus (IF), and 1lluminates a
reflection-type mask after it has been reshaped by the
illumination optics. The beam reflected by the mask 1is
exposed by the projection optics to form a pattern on
photoresist that 1s coated on a water surface.

[0071] In the mventor’s design, EUV radiation emaitted
from the high Z plasma 602 in the radial direction will be
mostly absorbed by the lower Z plasma and reemitted by 1t
therefore returning energy back into the high Z matenal.
[0072] In thus design the radiation emitted from the front
surface of the target 1s Lambertian allowing the use of
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mostly axial direction emission without significant loss. The
use of angled laser prevents the laser from blocking this line
of sight. As a result, there 1s no need to use large multilayer
mirrors that are expensive and need to be replace frequently.

[0073] Since the new design does not use multilayer
mirrors, the use of other target materials 1s much simpler
allowing for future shorter wavelength radiation sources.

[0074] Although the description above contains many
details and specifics, these should not be construed as
limiting the scope of the application but as merely providing
1llustrations of some of the presently preferred embodiments
ol the apparatus, systems, and methods. Other implementa-
tions, enhancements and variations can be made based on
what 1s described and illustrated in this patent document.
The features of the embodiments described herein may be
combined in all possible combinations of methods, appara-
tus, modules, systems, and computer program products.
Certain features that are described 1n this patent document 1n
the context of separate embodiments can also be 1mple-
mented in combination 1n a single embodiment. Conversely,
various features that are described 1n the context of a single
embodiment can also be implemented 1n multiple embodi-
ments separately or 1n any suitable sub-combination. More-
over, although features may be described above as acting 1n
certain combinations and even mitially claimed as such, one
or more features from a claimed combination can 1n some
cases be excised from the combination, and the claimed
combination may be directed to a sub-combination or varia-
tion of a sub-combination. Similarly, while operations are
depicted 1n the drawings 1n a particular order, this should not
be understood as requiring that such operations be per-
formed 1n the particular order shown or in sequential order,
or that all illustrated operations be performed, to achieve
desirable results. Moreover, the separation of various system
components 1n the embodiments described above should not
be understood as requiring such separation 1n all embodi-
ments.

[0075]
the present application fully encompasses other embodi-
ments which may become obvious to those skilled 1n the art.
In the claims, reference to an element in the singular 1s not
intended to mean “one and only one” unless explicitly so
stated, but rather “one or more.” All structural and functional
equivalents to the elements of the above-described preferred
embodiment that are known to those of ordinary skill in the
art are expressly incorporated herein by reference and are
intended to be encompassed by the present claims. More-
over, 1t 1s not necessary for a device to address each and
every problem sought to be solved by the present apparatus,
systems, and methods, for 1t to be encompassed by the
present claims. Furthermore, no element or component in
the present disclosure 1s intended to be dedicated to the
public regardless ol whether the element or component 1s
explicitly recited 1n the claims. No claim element herein 1s
to be construed under the provisions of 35 U.S.C. 112, sixth
paragraph, unless the element 1s expressly recited using the
phrase “means for.”

[0076] While the apparatus, systems, and methods may be
susceptible to various modifications and alternative forms,
specific embodiments have been shown by way of example
in the drawings and have been described in detail herein.
However, 1t should be understood that the application 1s not
intended to be limited to the particular forms disclosed.
Rather, the application 1s to cover all modifications, equiva-

Therefore, 1t will be appreciated that the scope of
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lents, and alternatives falling within the scope of the appli-
cation as defined by the following appended claims.
[0077] Broadly, this writing discloses at least the follow-
ng.

[0078] An EUYV light source including a vacuum cham-
ber, a droplets injector operatively connected to the
vacuum chamber for directing the droplets into the
vacuum chamber, droplets produced by the droplets
injector wherein the droplets have one side and another
side opposite the one side, the droplets including a solid
higher Z bead 1n a low Z liquid, and at least one laser
beam directed onto the one side of the droplets.

[0079] Further, at least the following implementations are
presented.
[0080] As a first implementation, presented herein 1s an

EUV light source, comprising:

[0081] a vacuum chamber,

[0082] a droplets injector operatively connected to said
vacuum chamber for directing said droplets into said
vacuum chamber,

[0083] droplets produced by said droplets injector
wherein said droplets have one side and another side
opposite said one side,

[0084] said droplets including a solid higher Z bead 1n
a low Z liquad,

[0085] a laser beam directed onto said one side of said
droplets,
[0086] another laser beam directed onto said other side

of said droplets, and
[0087] a laser that produces said laser beam directed

onto said one side of said droplets and said another

laser beam directed onto said other side of said droplets

or

[0088] multiple lasers wherein said multiple lasers pro-

duce said laser beam directed onto said one side of said

droplets and said another laser beam directed onto said

other side of said droplets.
[0089] A further implementation of any of the preceding
or following implementations 1volves to the extent not
incompatible: said laser beam directed onto said one side of
said droplets and said another laser beam directed onto said
other side of said droplets hit the droplet at an angle from the
plain perpendicular to the droplet injection direction.
[0090] A further implementation of any of the preceding
or following implementations 1volves to the extent not
incompatible: said laser beam directed onto said one side of
said droplets and said another laser beam directed onto said
other side of said droplets are produced by a single laser.
[0091] A further implementation of any of the preceding
or following implementations 1volves to the extent not
incompatible: said laser beam directed onto said one side of
said droplets and said another laser beam directed onto said
other side of said droplets are produced by multiple lasers.
[0092] A further implementation of any of the preceding
or following implementations 1volves to the extent not
incompatible: said laser beam directed onto said one side of
said droplets and said another laser beam directed onto said
other side of said droplets cause deformation of said droplets
into a co-centric disk-like shape with low material encasing
the higher 7 material.
[0093] A further implementation of any of the preceding
or following implementations 1volves to the extent not
incompatible: said droplets produced by said droplets injec-
tor contain micro tin beads.
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[0094] A further implementation of any of the preceding
or following implementations 1volves to the extent not
incompatible: said droplets produced by said droplets injec-
tor contain beads that are smaller than micro tin beads.
[0095] A further implementation of any of the preceding
or following implementations involves to the extent not
incompatible: said low Z liquid 1s water.

[0096] A further implementation of any of the preceding
or following implementations involves to the extent not
incompatible: said low Z liquid 1s liguid methane.

[0097] A further implementation presented herein 1s an
EUV light source, comprising:

[0098] a vacuum chamber,

[0099] a droplets 1njector operatively connected to said
vacuum chamber for directing said droplets into said
vacuum chamber,

[0100] droplets produced by said droplets injector
wherein said droplets have one side and another side
opposite said one side,

[0101] said droplets including a higher Z bead 1n a low
7. liquad,
[0102] first multiple laser beams directed onto said one

side of said droplets,
[0103] second multiple laser beams directed onto said
other side of said droplets, and
[0104] a laser that produces said first multiple laser
beams directed onto said one side of said droplets and
second multiple laser beams directed onto said other
side of said droplets or
[0105] multiple lasers wherein said multiple lasers pro-
duce said first multiple laser beams directed onto said
one side of said droplets and second multiple laser
beams directed onto said other side of said droplets.
[0106] A further implementation of any of the preceding
or following implementations 1nvolves to the extent not
incompatible: said droplets produced by said droplets injec-
tor contain micro higher Z beads.
[0107] A further implementation of any of the preceding
or following implementations involves to the extent not
incompatible: said droplets produced by said droplets injec-
tor contain beads that are smaller than micro higher Z beads.
[0108] A further implementation of any of the preceding
or following implementations involves to the extent not
incompatible: said low Z hiquid 1s water.
[0109] A further implementation of any of the preceding
or following implementations involves to the extent not
incompatible: said low Z liquid 1s liquid methane.
[0110] A further implementation presented heremn 1s a
method of producing and operating a EUV light source,
comprising the steps of:
[0111] wusing a droplets mjector for directing droplets
into a vacuum chamber
[0112] wherein said droplets have one side and another
side opposite said one side and
[0113] wherein said droplets include a higher 7 bead in
a low Z liquid,
[0114] directing a laser beam onto said one side of said
droplets, and
[0115] directing another laser beam onto said other side
of said droplets.
[0116] A further implementation of any of the preceding or
tollowing implementations involves to the extent not incom-
patible: said steps of directing a laser beam onto said one
side of said droplets and directing another laser beam onto
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said other side of said droplets comprises using a laser that
produces said laser beam directed onto said one side of said
droplets and said another laser beam directed onto said other
side of said droplets or using multiple lasers wherein said
multiple lasers produce said laser beam directed onto said
one side of said droplets and said another laser beam
directed onto said other side of said droplets.

[0117] A further implementation of any of the preceding or
following implementations involves to the extent not incom-
patible: said steps of directing a laser beam onto said one
side of said droplets and directing another laser beam onto
said other side of said droplets cause deformation of said
droplets 1nto a disk shape.

[0118] A further implementation of any of the preceding or
following implementations involves to the extent not incom-
patible: said steps of directing a laser beam onto said one
side of said droplets and directing another laser beam onto
said other side of said droplets cause deformation of said
droplets 1nto a co-centric disk-like shape.

[0119] A further implementation of any of the preceding or
following implementations involves to the extent not incom-
patible: said droplets produced by said droplets injector
include a micro higher Z bead.

[0120] A further implementation of any of the preceding
or following implementations volves to the extent not
incompatible: said droplets produced by said droplets injec-
tor include beads that are smaller than micro higher Z beads.
[0121] A further implementation of any of the preceding
or following implementations 1volves to the extent not
incompatible: said low Z liquid 1s water.

[0122] A further implementation of any of the preceding
or following implementations 1volves to the extent not
incompatible: said low Z liquid 1s liquid methane.

[0123] The foregoing description of the technology pre-
sented herein has been presented for purposes of illustration
and description and 1s not intended to be exhaustive or to
limit the technology to the precise form disclosed. Many
modifications and variations are possible 1 light of the
above teaching. The embodiments disclosed were meant
only to explain the principles of the technology and 1its
practical application to thereby enable others skilled in the
art to best use the technology 1n various embodiments and
with various modifications suited to the particular use con-
templated. The scope of the technology 1s to be defined by
the following claims.

[0124] All elements, parts, and steps described herein are
preferably included. It 1s to be understood that any of these
clements, parts and steps may be replaced by other elements,
parts, and steps or deleted altogether as will be obvious to
those skilled 1n the art.

[0125] It 1s possible that 1n the examination and ultimate
allowance of this writing as a patent, some text may have
been omitted by requirement of the jurisdiction examining
this writing. In interpreting this writing, the original text
without deletions 1s to be used.

[0126] Amendments, alterations, or characterizations
made 1n order to expedite allowance are to be considered to
have been made without any prejudice, waiver, disclaimer,
or estoppel, and without forfeiture or dedication to the public
ol any subject matter as originally presented.

[0127] Rewviewers of this writing or any related writing
shall not reasonably infer any disclaimers or disavowals of
any subject matter as originally contained herein. To the
extent any amendments, alterations, characterizations, or



US 2023/0280656 Al

other assertions previously made 1n this or 1 any related
writing with respect to any art, prior or otherwise, could be
construed as a disclaimer of any subject matter supported by
the original writing herein, any such disclaimer 1s hereby
rescinded and retracted.

What 1s claimed 1s:

1-22. (canceled)

23. An EUV light source, including:

a vacuum chamber;

a droplets injector, operatively connected to the vacuum
chamber for directing droplets 1nto the vacuum cham-
ber, wherein each droplet out of the droplets has one
side and another side opposite the one side;

at least one laser, collectively operable to produce at least
one laser beam directed onto the one side of a droplet
and at least one other laser beam directed onto the other
side of the droplet, thereby turning at least part of the
droplet 1into plasma that emits EUV light.

24. The EUYV light source of claim 23, wherein the at least
one laser beam includes a laser beam which 1s directed to hit
the droplet at an angle from the plane perpendicular to the
droplet injection direction.

25. The EUV light source of claim 23, wherein the at least
one laser includes a plurality of lasers, wherein at least one
laser of the plurality of lasers 1s operable to produce a laser
beam directed onto the one side of the droplet, and at least
one other laser of the plurality of laser 1s operable to produce
another laser beam directed onto the other side of the
droplet.

26. The EUYV light source of claim 23, wherein the at least
one laser includes a single laser operable to emit a laser
beam which 1s split into multiple laser beams of which at
least one laser beam 1s directed onto the one side of the
droplet and at least one other laser beam 1s directed onto the
other side of the droplet.

27. The EUV light source of claim 23, wherein the at least
one laser 1s collectively operable to concurrently produce:
(a) the at least one laser beam directed onto the one side of
a droplet, and (b) at least one other laser beam directed onto
the other side of the droplet, thereby turning at least part of
the droplet 1nto plasma that emits EUV light.

28. The EUV light source of claim 23, wherein the at least
one laser 1s collectively operable to produce a plurality of
laser beams directed onto the one side of the droplet from
different angles.

29. The EUYV light source of claim 28, wherein the at least

one laser includes multiple lasers, each operable to produce
a laser beam out of the plurality of laser beams.

30. EUV light source of claim 28, wherein the at least one
laser includes a single laser operable to emit a laser beam
which 1s split into multiple laser beams out of the plurality
ol laser beams.

31. The EUV light source of claim 28, wherein the at least
one laser 1s collectively further operable to produce another
plurality of laser beams directed onto the other side of the
droplet from different angles.

32. The EUV light source of claim 29, wherein the at least
one laser includes multiple additional lasers, each operable
to produce a laser beam directed onto the other side of the
droplet.

33. The EUV light source of claim 32, wherein multiple
lasers and the multiple additional lasers are collectively
operable to concurrently produce: (a) multiple laser beams
directed onto the one side of a droplet, and (b) multiple laser
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beams directed onto the other side of the droplet, thereby
turning at least part of the droplet into plasma that emits
EUV light.

34. The EUYV light source of claim 30, wherein the at least
one laser includes another single laser operable to emait
another laser beam which 1s split into multiple other laser
beams directed onto the other side of the droplet.

35. The EUYV light source of claim 31, wherein the at least
one laser includes multiple lasers arranged on the one side
of the droplet directed to hit the droplet at multiple difierent
angles from the plane perpendicular to the droplet injection
direction, and multiple other lasers arranged on the other
side of the droplet directed to hit the droplet at multiple
different angles from the plane perpendicular to the droplet
injection direction.

36. The EUV light source of claim 28, wherein the at least
one laser 1s operable to produce at least four laser beams
directed to symmetrically hit the droplet from different
angles on the one side.

37. The EUV light source of claim 23, wherein the at least
one laser 1s collectively operable to hit the droplet from both

the one side and the other side, thereby 10n1zing both the one
side of the droplet and the other side of the droplet.

38. A method of producing EUYV light, the method includ-
ing the steps of:

directing a plurality of droplets into a vacuum chamber,
wherein each droplet out of the plurality of droplets has
one side and another side opposite the one side; and

for each droplet out of the plurality of droplets:
producing multiple laser beams;

directing at least one laser beam out of the multiple
laser beams onto the one side of the respective
droplet;

directing at least one other laser beam out of the
multiple laser beams onto the other side of the
respective droplet; and

ionizing by the at least one laser beam and the at least
one other laser beam at least part of the droplet into
plasma that emits EUV light.

39. The method of claim 38, wherein the 1onizing includes
ionizing by the at least one laser beam the one side of the
droplet 1into plasma that emits EUV light and 1on1zing by the
at least one other laser beam the other side of the droplet into
plasma that emits EUV light.

40. The method of claim 38, comprising directing a laser
beam out of the at least one laser beams to hit the droplet at
an angle from the plane perpendicular to the droplet injec-
tion direction.

41. The method of claim 38, including producing the at
least one laser beam and the at least one other laser beam by
different lasers.

42. The method of claim 38, including splitting a laser
beam into multiple split laser beams, directing at least one
of the split laser beams onto the one side of the respective
droplet and at least one other split laser beam onto the other
side of the respective droplet.

43. The method of claim 38, including producing and
directing multiple laser beams to concurrently hit the respec-
tive droplet from the one side and from the other side,
thereby, turning at least part of the droplet mto plasma that
emits EUV light.

44. The method of claim 38, including concurrently
directing a plurality of laser beams onto the one side of the
respective droplet.
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45. The method of claim 38, including concurrently
directing a first plurality of laser beams onto the one side of
the respective droplet and a second plurality of laser beams
onto the other side of the respective droplet.
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